Abstract This study examined the effects of buffalo oocyte extracts (BOE) on donor cells reprogramming and molecular characterisation of oocytes screened via brilliant cresyl blue (BCB) staining and comparison of gene expression profiles of developmentally important genes in blastocysts from IVF and cloned derived from BOE treated donor cells with BCB selected recipient cytoplasts. Relative abundance (RA) of OCT4 and NANOG was increased (P \ 0.05) and HDAC-1, DNMT-1, and DNMT-3A decreased (P \ 0.05) in extract treated cells (ETCs). This ETCs dedifferentiated into neuron-like lineage under appropriate induction condition. The RA of NASP, EEF1A1, DNMT1, ODC1 and RPS27A was increased (P \ 0.05) in BCB? oocytes, whereas ATP5A1 and S100A10 increased (P \ 0.05) in BCB-oocytes. Total cell number and RA of OCT4, NANOG, SOX2, DNMT1, IGF2, IGF2R, MNSOD, GLUT1, BAX and BCL2 in cloned blastocysts derived from BCB? oocytes with ETC more closely followed that of IVF counterparts compared to BCB? oocytes with extract untreated cell and BCB-oocytes with ETC derived blastocysts. In conclusion, BOE influenced epigenetic reprogramming of buffalo fibroblasts making them suitable donors for nuclear transfer (NT). BCB staining can be effectively used for selection of developmentally competent oocytes for NT. The combined effects of epigenetic reprogramming of donor nuclei by BOE and higher nuclear reprogramming capacity of BCB? oocytes improve developmentally important gene expression in cloned blastocysts. Whether these improvements have long-term effects on buffalo calves born following embryo transfer remains unknown.
Introduction
Somatic cell nuclear transfer (SCNT) using the zonafree approach or handmade cloning (HMC) has been studied in buffalo (Bubalus bubalis) (Sadeesh et al. 2014; Shah et al. 2008) . Although some information is available on HMC in buffalo comparing in vitro culture conditions (Shah et al. 2008 ) examining the result of donor nucleus source (Sadeesh et al. 2016a, b) , HMC is an incompetent process in buffalo (Sadeesh et al. 2014) . Thus, further data are required to enable large-scale application of HMC technology to this species.
While SCNT-derived offspring have been effectively produced in many mammalian species, development to term is low (Keefer 2015; Sadeesh et al. 2016a) , most cloned offspring produced by the SCNT technique show abnormalities (Rathbone et al. 2010) . Following nuclear transfer (NT), the donor nucleus often fails to express early embryonic genes and establish a normal embryonic pattern of chromatin modifications. Studies have shown that low efficiency in SCNT is due to incomplete reprogramming of donor nuclei (Dean et al. 2001; Santos et al. 2003) . Aiming to solve this problem, several researchers have developed favorable reprogramming of donor nuclei with some extrinsic factors before exposure to the recipient environment. Research reported transcriptional reprogramming of human and bovine nuclei increased after treatment of cells in extracts from Xenopus laevis oocytes or eggs (Alberio et al. 2005; Hansis et al. 2004) . Reports showed that oocyte/egg extract treated somatic cells undergo improved reprogramming as indicated by expression of certain embryonic genes, such as octamer-binding transcription factor-4 (OCT-4) and Nanog homeobox (NANOG) (Miyamoto et al. 2009 ) and better development of blastocysts from extract treated cells (ETCs) as donor nuclei (Sadeesh et al. 2016a) . Overall, these results propose that extract derived from eggs or oocytes is useful for understanding the mechanisms of nuclear reprogramming.
Cytoplasm quality is especially important in SCNT as overall cloning efficiency is directly related to cytoplast ability to reprogram a terminally distinguished somatic cell (Akagi et al. 2013; Tang et al. 2009 ). With a higher amount of cytoplasm loss connected with HMC compared to that in micromanipulation-based SCNT, cytoplasm quality becomes even more important. Thus, non-invasive oocyte quality appraisal for early selection of developmentally competent oocytes remains a major challenge for HMC. Currently, measures for selecting oocytes for use in SCNT are inadequate and in recent times the brilliant cresyl blue (BCB) test has reportedly improved in vitro development of SCNT embryos in the bovine (Su et al. 2012) . Opiela et al. (2008) reported that oocytes screened with BCB staining differed in various oocyte quality markers, such as cytoplasmic volume, mitochondrial DNA copy number and relative abundance (RA) of marker genes.
In our previous study, we found higher (P \ 0.05) 8-to 16-cell embryo and blastocyst development rate in HMC embryos reconstructed from BCB? oocytes with ETCs (73.9, 32.8%, respectively) compared to in vitro fertilized (IVF) embryos (49.2, 24.2%, respectively) . Explanation for these results may be that oocyte extract altered chromatin structure of donor nuclei improving reprogramming by recipient cytoplasm or the ability of the BCB stain to differentially select developmentally competent oocytes (Sadeesh et al. 2014) . Nevertheless, no information is available at present regarding the molecular and cellular characteristics by which ETCs and BCB? oocytes improved NT efficiency in buffalo species. Our previous study found no significant differences in gene expression profiles at maternal-to-zygotic transition stage (MZT; 8-16-cells) amongst cloned embryos derived from BCB? oocytes with ETCs and IVF embryos. Whether these results in gene expression at MZT stage have any long term-effects remains unknown. These results suggest that developmental differences observed in HMC and in vitro fertilization produced fetuses and neonates are the results of aberrant gene expression during the pre-implantation stage and discrepancies in expression are indistinct or appear after the MZT stage of development.
In the present study we investigated the effect of buffalo oocytes extract (BOE) on epigenetic reprogramming of donor buffalo fibroblast cells based on gene expression using genes related to pluripotency (OCT-4, NANOG), histone deacetylation (histone deacetylase 1, HDAC-1) and methylation (DNA methyltransferase 1, DNMT-1; DNA methyltransferase 3 alpha, DNMT-3A); histone acetylation status and in vitro differentiation assays. Along with mRNA expression of certain maturation gene candidates in BCB screened oocytes, developmentally important genes in cloned blastocysts derived from ETCs and BCB screened oocytes using IVF embryos as control were compared by quantitative real-time PCR. This research may have implications for understanding molecular and cellular characteristics by which ETCs and BCB screened oocytes improved NT efficiency in buffalo species.
Materials and methods

Ethics statement, chemicals, and reagents
Experiments were conducted in accordance with the guidelines laid down by the committee for control and supervision of experiments on animals and with the approval from the institute animal ethics committee. All chemicals, reagents, culture media used in this study were of cell culture grade and purchased from Sigma Chemical Co., (St. Louis, MO, USA) unless otherwise indicated. Cell culture Petri dishes, fourwell multi dishes, and six-well tissue culture plates were purchased from Nunc (Roskilde, Denmark). Membrane filters (0.2 lm) were sourced from Pall Life Sciences (Pall Corporation, Ann Arbor, MI, USA). Primers were synthesized by Sigma (P) Ltd. (Delhi, India). Reagents for molecular biology work were of biotechnology grade and purchased from Invitrogen (Carlsbad, CA, USA) and Fermentas (Thermo Fisher Scientific, Waltham, MA, USA) unless otherwise stated.
Establishment of fibroblast cell culture
Primary ear fibroblast culture of a Murrah buffalo calf was established and prepared for cloning as reported earlier (Sadeesh et al. 2014) . All fibroblasts used in this study were from a single donor. Briefly, ear skin samples from a newborn Murrah buffalo calf were obtained aseptically in sterile phosphate buffered saline (PBS) with 1% pen/strep/amp (Gibco, Life Technologies, Grand Island, NY, USA) solution and transferred to the laboratory within 10 min. Tissue samples were washed six times with Dulbecco's phosphate buffered saline (DPBS) and cut into small pieces (0.5 mm). These were transferred to 25 cm 2 culture flasks and cultured in Dulbecco's modified Eagle's medium (DMEM) supplemented with 2 mM L-glutamine, 15% FBS, 1% nonessential amino acids, 1% vitamins and 50 lg/ml gentamicin in a CO 2 incubator (5% CO 2 in air) at 37°C. Cell cultures at different passages (passage 5-7) at 80-90% confluence ( Fig. 1) were trypsinized with 0.25% trypsin-EDTA and washed with cell culture medium to remove traces of trypsin-EDTA. The cell pellet, obtained by centrifugation (2009g, 4°C, 5 min), was resuspended in precooled (4°C) cryopreservation medium (DMEM supplemented with 1% nonessential amino acids, 1% vitamins, 1% pen/strep/amp, 10% (v/v) Dimethyl sulfoxide (DMSO) and 15% FBS) stored at -80°C overnight and then transferred directly to liquid nitrogen (-196°C) .
Collection of oocytes and in vitro maturation
Apparently, normal ovaries of buffalo were collected from a slaughterhouse and aspiration of cumulus oocyte complexes (COCs) and in vitro maturation (IVM) of COCs were performed as described earlier (Sadeesh et al. 2014) . Briefly, ovaries were washed three times with warm isotonic saline (32-37°C) containing 400 IU/ml penicillin and 500 lg/ml streptomycin and transported to the laboratory within 4-5 h. Oocytes 
Oocytes extract preparation
Matured metaphase II oocytes extract preparation was carried out as described earlier (Sadeesh et al. 2014) . Briefly, COCs with expanded cumulus were transferred to a 1.5 ml micro centrifuge tube containing 500 ll hyaluronidase (0.5 mg/ml) in T2 (where T denotes HEPES modified TCM-199 supplemented with 2.0 mM L-glutamine, 0.2 mM sodium pyruvate, 50 lg/ml gentamicin and number denotes % FBS) and incubated for 1 min at 38.5°C followed by vortexing (2-3 min). Denuded oocytes with uniformly granular cytoplasm were selected and incubated in pronase (2.0 mg/ml in T10) for 3-5 min at 38.5°C. When the zona pellucida was digested, oocytes were transferred into T20 to deactivate the pronase. Oocytes with totally digested zona pellucida were washed twice with extraction buffer [50 mM KCl, 5 mM MgCl 2 , 5 mM ethylene glycol tetraacetic acid (EGTA), 2 mM bmercaptoethanol, 0.1 mM phenylmethylsulfonyl fluoride (PMSF, protease inhibitor cocktail) and 50 mM HEPES, pH 7.6] containing an energy regeneration system (ERS: 1 mM ATP, 10 mM phosphocreatine, 25 lg/ml creatine kinase, pH 7.4). Nearly 400 zona-free oocytes were transferred into 10 ll of ERS in a 0.2 ml Eppendorf tube and centrifuged at 20,8799g for 20 min at 4°C. The supernatant was used as the extract. The procedure was repeated to prepare enough extract, supplemented with 2% glycerol and stored at -80°C.
SDS-PAGE and silver staining
Small portions of BOE from each batch were suspended in the SDS-lysis buffer and the lysed samples were subjected to SDS-PAGE. The protein bands were visualized by staining the gels with Silver Stain Kit (ThermoScientific USA) following the manufacturer's instructions.
Permeabilization of cell membranes, extract treatment and donor cell preparation Donor cell pre-treatment with BOE and donor cell preparations for HMC were done as described earlier (Sadeesh et al. 2014 ) with slight modifications. Briefly, donor cell suspensions were washed twice in DPBS (Ca 2? , Mg 2? free) by spinning down at 10 9 g for 5 min and supernatant was discarded carefully. Cells were suspended in 500 ll DPBS (Ca 2? , Mg 2? free) containing 1.5 U/ml streptolysin-O at 38.5°C for 30 min. Aliquots of permeated cells (about 1 9 10 6 cells/aliquot) were resuspended in 10 ll oocyte extract and incubated at 38.5°C for 30 min. The control group was resuspended in 10 ll of ERS instead of oocyte extract. After these treatments, a part of the extracttreated cells (ETCs) was centrifuged at 399g for 5 min and resuspended in DMEM containing 10% FBS, penicillin, streptomycin and 2 mM CaCl 2 (Resealing media). Cells were then cultured for 2 h at 38.5°C in 5% CO 2 in air for membrane resealing. Membrane resealing was assessed by uptake of the membraneimpermeant DNA staining dye, propidium iodide (1 mg/ml), by plated cells. After resealing, floating cells were removed and the remaining cells or extract untreated cells (EUTCs, control) were cultured in DMEM supplemented with 2 mM L-glutamine, 15% FBS, 1% non-essential amino acids, 1% vitamins and 50 lg/ml gentamicin in a CO 2 incubator (5% CO 2 in air) at 37°C. Morphological features, shape and size of cells and tendency to form the attachment to the culture flask were recorded at 24 h interval and medium was replaced every three days. Cell viability was monitored by standard protocol of exclusion of tryplan blue dye and cells were counted using a haemocytometer. Cells were cultured up to one week in above mentioned DMEM medium. Immediately before use, cell cultures were dispersed to single cells by treatment for 5 min by 0.25% trypsin-EDTA, subsequently washed by centrifugation and resuspended in T20 media for use as nucleus donor cells.
Immunodetection of H3K9ac
Cells were immunostained with antibodies against acetyl-histone H3 lysine 9 (Abcam, Cambridge, UK). Cells were washed briefly with PBS, fixed with 4% paraformaldehyde in PBS for 20 min, permeabilized with 0.1% Triton X-100 in PBS for 20 min, blocked in 2% bovine serum albumin (BSA) in PBS for 15 min, and incubated with primary antibodies (rabbit polyclonal to histone H3 acetyl K9) for 1 h. Cells were washed three times in PBS for 5 min and incubated for 2 h with 1:200 diluted fluorescein isothiocyanate-labelled secondary antibodies (goat anti-mouse IgG; BA1101, BOS-TER, Pleasanton, CA, USA). Then, DNA was stained with a propidium iodide solution (10 lg/ ml). As a negative control, immunostaining was performed without primary antibodies. Fluorescence was detected using a fluorescence microscope (Nikon, Tokyo, Japan).
In vitro induced differentiation
For neuron-like differentiation, cultured cells were detached by trypsinization, centrifuged and then seeded in complete growth medium supplemented with 10 lM all-trans retinoic acid. Cells were cultured for 2 weeks in retinoic acid; with the medium replaced every 2 days and differentiation of cells was assessed morphologically. The differentiated cells were identified by NESTIN-specific RT-PCR.
Brilliant cresyl blue staining and IVM of COCs
For the selection of developmentally competent oocytes as recipient cytoplasts, BCB staining of collected COCs was performed as described earlier (Sadeesh et al. 2014) . To carry out the BCB test, immediately after collection oocytes were washed three times in DPBS modified by adding 0.4% BSA (mDPBS). Oocytes were exposed to 26 lM BCB diluted in mDPBS for 90 min at 38.5°C in a humidified air atmosphere. Oocytes were then transferred to mDPBS and washed twice. On the basis of coloration, oocytes were divided into two groups, those with or without blue coloration of cytoplasm were named as BCB? and BCB-, respectively. To achieve accurate data, oocytes of uncertain staining status were discarded. Further COCs from BCB? and BCB-groups were subjected to maturation as described earlier (Sadeesh et al. 2014 ).
Handmade cloning
Recipient cytoplast preparations (cumulus or zona removal and manual enucleation) from BCB screened in vitro matured oocytes and the procedures for HMC were performed using standard protocols as described earlier (Shah et al. 2008) . In vitro culture of NT embryos was performed according to the methods described previously (Sadeesh et al. 2014) . Randomly collected blastocysts derived from ETCs/EUTCs with BCB screened oocytes were stained with Hoechst 33342 for 1 h and the number of nuclei was counted under the fluorescent microscope.
Sperm capacitation, in vitro fertilization and in vitro culture
In all experiments, frozen-thawed semen from the same bull was used. Spermatozoa were capacitated using Brackett and Oliphant (BO; 1975) medium and procedures for in vitro fertilization and in vitro culture of IVF embryos were performed according to the methods described previously (Sadeesh et al. 2014) . Randomly collected IVF blastocysts were stained with Hoechst 33342 for 1 h and the number of nuclei was counted under a fluorescent microscope.
Isolation of total RNA, complementary DNA synthesis, and RT-PCR analysis Total RNA was extracted from a portion of ETCs, EUTCs and reprogrammed cells using a cell to cDNA kit (Ambion Inc, Austin, TX, USA) according to the manufacturer's protocol. A representative number of Cytotechnology (2017) 69:289-305 293 expanded COCs (n = 50, all oocytes collected from the same batch) from BCB? and BCB-group after 21 h maturation was denuded with hyaluronidase as described earlier (Sadeesh et al. 2014) . Denuded oocytes were washed three times with PBS by centrifugation for 5 min at 4°C at 12009g in 0.2 ml centrifuge tubes and treated using a cell to cDNA kit (Ambion Inc) to prepare the oocyte lysates, DNase digestion of prepared lysates and reverse transcription was conducted according to manufacturer's instructions. Morphologically normal cloned blastocyst stage embryos from BCB screened oocytes with ETCs/ EUTCs and IVF blastocysts were collected at 168-192 h post-activation and 168-192 h post-insemination, respectively, and separately treated using a cell to cDNA kit (Ambion Inc) according to the manufacturer's protocol. Ten embryos at blastocyst stage were analyzed in each group in each trial. All blastocysts were from the same batch. A polymerase chain reaction (PCR) was carried out in a 50 ll final volume containing 45 ll platinum PCR supermix (Invitrogen) and 5 ll of primer (200 nM each) and template DNA solution. A set of reaction without template cDNA was used as negative control for PCR. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used as the reference gene. The primer sequences of target genes of pluripotency (OCT-4, NANOG), histone deacetylation (HDAC1), methylation (DNMT1, DNMT3A), neural differentiation (NESTIN), maturation (nuclear autoantigenic sperm protein, NASP; elongation factor 1-alpha 1, EEF1A1; ornithine decarboxylase 1, ODC1; 40S Ribosomal protein S27a, RPS27A; ATP synthase subunit alpha, ATP5A1; S100 calcium-binding protein A10, S100A10,), and development-related [SRY (sex determining region Y)-box 2, SOX 2; insulin-like growth factor 2, IGF2; insulin-like growth factor 2 receptor, IGF2R; manganese superoxide dismutase, MnSOD; glucose transporter 1, GLUT1; BCL2 Associated X, BAX; B cell lymphoma 2, BCL2] are shown in Table 1 . The primers all span introns. The PCR conditions were the same for all genes of interest, except for the annealing temperature (Table 1) , as 94°C for 2 min (initial denaturation), denaturation at 94°C for 30 s, elongation at 72°C for 1 min (35 cycles). The amplified DNA fragments were resolved on 2% agarose gel containing 0.5 lg/ml ethidium bromide against a 50-bp ladder and visualized under a gel documentation system (Alpha Imager, Alpha Innotech, San Leandro, CA, USA).
Real-time PCR for relative quantification of target genes
Real-time PCR (Applied Biosystems 7500 Real-Time PCR system, Foster City, CA, USA) was performed using SYBR Green qPCR supermix (Invitrogen SYBR Green qPCR supermix) as a double-standard DNAspecific fluorescent dye to assess gene expression of OCT4, NANOG, HDAC1, DNMT1, DNMT3A in ETCs or EUTCs, NASP, EEF1A1, DNMT1, ODC1, RPS27A, ATP5A1 and S100A10 in BCB screened oocytes and OCT4, NANOG, SOX2, DNMT1, DNMT3A, IGF2, IGF2R, MnSOD, GLUT1, BAX and BCL2 in blastocysts. Validation studies were performed using GAPDH as the internal reference gene and GAPDH expression was consistent between various treatment groups (ETCs vs. EUTCs, BCB? oocytes vs. BCBoocytes and NT blastocysts vs. IVF blastocysts). All reactions were run in triplicate and three biological replicates were carried out. Amplification was carried out in 25 ll volume reaction mixture containing 12.5 ll SYBR Green qPCR supermix, 1 ll primer (10 pM each forward and reverse primer), 2 ll cDNA template and 9.5 ll nuclease free water. Samples not exposed to reverse transcriptase were used as negative controls. For PCR, samples were activated at 95°C for 10 min, followed by 40 cycles of denaturion at 95°C for 45 s, then annealing at the specific primer annealing temperature (Table 1) for 30 s and extension at 72°C for 30 s. The comparative CT method was used for relative quantification of target gene expression levels. Quantification was normalized to the internal control GAPDH gene. Within the exponential phase of the amplification curve, each cycle doubled the amplified product. The DCT value was determined by subtracting the GAPDH CT value for each sample from the target gene CT value. Calculation of DDCT value involved using the highest sample method DCT as an arbitrary constant to subtract from all other DCT samples values. Fold changes in relative mRNA expression of target genes were determined using the formula 2 -DDCT . 
Results
Characterization of cell extracts from buffalo matured metaphase II oocytes
Only matured metaphase II (MII) oocytes with normal morphological appearance were selected for preparing cell extracts. The maturation rate was 78.08% (406/ 520; n = 3). Extraction of oocyte components was achieved by disruption with high-speed centrifugation.
The resulting solutions had liquid droplets and cell debris which was originally present in oocytes. The protein concentration of matured MII extracts from buffalo oocytes was 1.92 ± 0.75 mg/ml. Protein band patterns of SDS-lysed oocyte extract showed various sized proteins ranging from 20 to 120 kDa (shown in supplementary Fig. 1 ). These results suggest protein components were successfully extracted from buffalo matured MII oocytes.
Expression of pluripotency, histone deacetylase, and DNA methyltransferase-related genes in ETCs and ETUCs
Buffalo fibroblast cells were exposed to BOE for one week and expression of pluripotent marker genes, OCT4 and NANOG, in ETCs were analyzed for assessing changes in the epigenetic state compared with EUTCs as a control. Changes in relative expression of these transcriptional factors were determined by real-time quantitative PCR (Fig. 2) . The NANOG and OCT4 genes were differentially expressed in ETCs after one week of culture. The results revealed the expression of NANOG and OCT4 genes was increased (P \ 0.05) in ETCs compared with EUTCs. Expression levels of genes related to histone deacetylation (HDAC1) and DNA methylation (DNMT1 and DNMT3A) were also compared for ETCs and EUTCs.
Relative abundance of HDAC1, DNMT1 and DNMT3A was reduced (P \ 0.05) in ETCs compared to EUTCs.
RT-PCR analysis of expression of pluripotency, histone deacetylase, and DNA methyltransferaserelated genes in ETCs and ETUCs is shown in supplementary Fig. 2 .
BOE mediated histone acetylation of H3K9ac
Levels of acetylated histone H3K9ac in fibroblasts exposed to BOE were determined semi-quantitatively (Fig. 3) and the H3K9ac signal in BOE treated cells was greater (P \ 0.05) than in the control group. Qualitatively results of immunocytochemistry revealed the presence of acetylated histone H3K9ac in living cells, BOE influenced H3K9ac acetylation levels, and negative control experiments with primary antibody omitted showed no results in both groups (Fig not shown) .
In vitro differentiation potential of reprogrammed cells
When reprogrammed cells were cultured under the neurogenic condition, neuron-like differentiation of reprogrammed cells was observed after induction with retinoic acid after 2 weeks. RT-PCR based studies showed the strong expression of NESTIN in neuron-like differentiated cells (Fig. 4) . Cells maintained in regular control medium did not change their morphology and negative for NESTIN expression (Fig not shown) .
Effect of BCB screening on maturation rates of COCs
Clear representative images of BCB? and BCBoocytes after staining with BCB are shown in Fig. 5 (Fig. 7) . The expression of five genes NASP, EEF1A1, DNMT1, ODC1and RPS27A, showed greater (P \ 0.05) transcript abundance in BCB? than in BCB-oocytes, whereas expression of two genes ATP5A1 and S100A10, was increased (P \ 0.05) in BCB-oocytes than in BCB? oocytes. RT-PCR analysis of expression of selected maturation candidate genes in BCB screened oocytes is shown in supplementary Fig. 3 .
Cloned blastocysts derived from reprogrammed donor cells and BCB screened oocytes differentially express developmentally important selected candidate genes A total number of 16 blastocysts were used for determination of total cell number. Average total cell numbers for blastocysts generated using BCB?/ETCs (217.42 ± 12.63) was greater (P \ 0.05) than for BCB?/EUTCs (173.34 ± 3.42), BCB-/ETCs (140.62 ± 3.68) and BCB-/EUTCs (128.52 ± 2.86). Total cell number did not show difference (P [ 0.05) between blastocysts from NT (BCB?/ETCs) and IVF (217.42 ± 12.63 vs. 194.12 ± 8.56, respectively) .
The results of real-time quantitative PCR analysis of gene transcripts at blastocyst stages in NT and IVF is shown in Fig. 8 Fig. 4 .
Discussion
Functional cell-free extracts were derived from buffalo matured oocytes, a 10 ll droplet of the extract derived from roughly 400 matured oocytes was enough to partially reprogram more than 1 9 10 6 cells. This processing ability implies that buffalo oocyte extracts may be used to identify reprogramming factors, as the Xenopus system (Gonda et al. 2003) , and several reprogramming factors have been identified in Xenopus system, for example, ISWI, FRGY2a/b, BRG1, NPM, and DJ-1 (Miyamoto et al. 2011 ). One of the most interesting reprogramming events in this study was histone acetylation of H3K9ac in buffalo fibroblasts. Histone acetylation has an important role in reprogramming and may be associated with pluripotency of nuclei (Yamanaka et al. 2009 ). In this study, H3K9ac increased (P \ 0.05) after buffalo fibroblasts were pre-treated with BOE. Therefore, we inferred that nuclear reprogramming of somatic cells by oocyte cytoplasm was inhibited by their own histone deacetylases (HDACs). In previous studies, treatment with HDAC inhibitors, such as Trichostatin A and Scriptaid, improved pluripotency of somatic cells (Wang et al. 2011a, b) . However, increased histone acetyltransferase activity or inhibited HDAC activity was required to increase histone acetylation (Murko et al. 2010) . Lysine deacetylation in the tails of core histones was controlled by HDACs, for example, HDAC1, which participated in the removal of acetyl moieties from histone tails (Murko et al. 2010) . Therefore, we further examined the effects of BOE treatment on gene expression of HDAC1 in buffalo fibroblasts. Interestingly, expression levels of HDAC1 decreased after BOE treatment. Similarly, cytoplasmic extracts of Xenopus eggs improved acetylation levels in mammalian somatic cells (Allegrucci et al. 2011) . Interestingly, changes in H3K9ac staining after BOE treatment showed the likeness to epigenetic modifications induced using amphibian oocyte extract (Bian et al. 2009; Rathbone et al. 2010 ). These findings indicate that exposure to BOE alters some epigenetic modifications (DNA demethylation and histone acetylation) of buffalo somatic cells.
Data of the present study show that expression of pluripotency-related genes (OCT4 and NANOG) were reactivated in buffalo somatic cells after BOE treatment. Therefore, the expression of these pluripotent related genes may convert somatic cells to a partially dedifferentiated state after treatment with extracts. These results suggest that reprogramming of somatic nuclei by oocyte extracts is a gradual process which requires the expression of pluripotent factors before cells begin to enter a stable self-sustaining pluripotent state. In our study, high expression of OCT4 and NANOG in ETCs may result from successful reactivation of the OCT4 and NANOG genes in ETCs. This may be due to promoter regions of OCT4 and NANOG being significantly demethylated after BOE treatment. Thus, we further investigated the expression patterns of DNMT1 and DNMT3A in buffalo fibroblasts after BOE treatment and we found that methyltransferase expression levels were decreased (P \ 0.05) after BOE treatment, especially DNMT1 expression. We inferred that some reprogramming factors in oocyte cytoplasm changed methyltransferase activity and methylation binding proteins in somatic cells which altered the epigenetic reprogramming pattern. However, further research is needed to examine the global levels of DNA methylation in BOE treated cells using untreated cells as controls before meaningful conclusions can be drawn in this species.
From our study and observation after the exposition of reprogrammed cells to neurogenic induction condition in vitro, cells alter their morphology and convert into neuron-like differentiation. Laboratories have reported neuronal differentiation of oocyte extract treated fibroblasts (Bui et al. 2013; Pang et al. 2015) . Our results indicate that BOE mediated the dedifferentiation of terminally differentiated buffalo fibroblasts and enabled the reprogrammed cells to undergo redifferentiation.
Our data suggest that matured oocyte extracts could provide the necessary regulatory components for inducing somatic cell nuclear reprogramming in buffalo species. Prolonged exposure of somatic cells to reprogramming factors present in oocyte extracts provided enough time for reprogramming. Therefore, the reprogramming of somatic cell nuclei to a lower state using BOE may be one reason behind the better developmental potential of cloned embryos reconstructed from BCB? oocytes with ETCs in our previous studies.
Earlier, we reported an increased (P \ 0.05) blastocyst development rate in cloned embryos reconstructed from BCB? oocytes with ETCs. However whether the BCB test is an effective method to isolate oocytes with high growth/maturation potential is unknown in buffalo species. To address this gap in knowledge we compared seven maturation gene candidates in BCB selected buffalo oocytes. Expression profiles of seven maturation gene candidates were expressed differentially between BCB? and BCB-oocytes. Expressed genes in BCB? oocytes are associated with regulation of the cell cycle (NASP, ODC1), transcription (DNMT1) and translation (EEF1A1, RPS27A), whereas BCB-oocytes were enriched with genes involved in ATP synthesis (ATP5A1) and calcium ion binding (S100A10).
Various factors involved in cell cycle regulation are more evident in BCB? than in BCB-oocytes.
Among these cell cycle regulators, NASP was chiefly recognized as a nuclear-associated protein in rabbit testis (Welch et al. 1990) . NASP was one of the genes with increased expression in very fast moving bovine oocytes which showed higher blastocyst rate compared with the slow groups following dielectrophoretic separation (Dessie et al. 2007) . Elongation factor 1A is part of the eukaryotic translational apparatus and a GTP-binding protein that catalyses binding aminoacyl tRNAs to the ribosome (Tatsuka et al. 1992) . Attainment of high developmental capacity in mammalian oocytes is dependent on high rates of RNA and protein synthesis, imprinting processes and biogenesis of organelles such as mitochondria (Eichenlaub-Ritter and Peschke 2002) . Consistent with this, oocytes with better developmental potential (BCB?) showed superior mRNA transcript abundance for EEF1A1 and RPS27A which corresponds with the members of translation connected genes. Smits et al. (2011) identified ODC1 as a developmentally important gene in the equine embryo. The ODC1 gene showed greater (P \ 0.05) expression for in vivo derived blastocysts compared with in vitro produced blastocysts. In the present study greater (P \ 0.05) abundance of ODC1 in BCB? oocytes was observed than in BCBoocytes. Expression of DNMT1 was also found to be highly over expressed in BCB? buffalo oocytes compared with BCB-oocytes which are similar to BCB? ovine oocytes (Torner et al. 2008) . Modifications in mitochondrial distribution, DNA replication, copy number and transcripts may point to overall debilitation for the mitochondria and influence the ability of embryos to scavenge free radicals and prompt an oxidative stress response which contributes to impaired development (EI-Shourbagy et al. 2006; May-Panloup et al. 2005; Van Blerkom 2004) . ATP5A1 is a nuclear-encoded gene whose protein contributes to the overall function of ATP synthase and it is the universal enzyme for cellular ATP synthesis (Pedersen 1994) . It has been reported that null mutations in the three-subunit of the mitochondrial ATP synthase gene in Drosophila led to embryonic death (Kidd et al. 2005) . The S100A10, a member of the S100 family also known as calpactin I or p11, provinces as a mediator in the calciumdependent signaling pathway. Significantly greater mRNA transcript abundances for ATP5A1 and S100A10 in incompetent BCB-oocytes than competent BCB? oocytes in bovine have been reported (Torner et al. 2008) . The above-mentioned data suggest that BCB? oocytes have better stores of the cell cycle, transcription and protein biosynthesis transcripts which could be used for resuming meiosis and supporting maternal to zygotic transition. The BCB test is an effective method to isolate oocytes with high growth/maturation potential in buffalo species. These results and our previous study suggest that BCB staining can be effectively used for selection of developmentally competent oocytes for NT in buffalo species because BCB? oocytes yielded higher nuclear reprogramming capacity than BCB-oocytes. This may be another reason behind the improved developmental potential of handmade cloned embryos derived from BCB? oocytes with ETCs as previous studies from our laboratory have reported (Sadeesh et al. 2014) .
Qualitative or morphological assessment alone is insufficient to provide an accurate and efficient estimation of embryo quality and embryonic developmental potential (Jousan et al. 2008; Wrenzycki et al. 2004) . Aberrant expression of genes during early embryonic developmental stages is considered an important cause of embryonic losses and fetal abnormalities that continue during gestation and parturition resulting in abnormal offspring syndrome (Arnold et al. 2008; Walker et al. 1996) . Evaluation of gene expression profiles in our previous study suggests that no differences in gene expression profiles among morphologically dissimilar embryos at MZT may contribute to the low variation observed in potential to develop to the blastocyst stage. These results support the notion that if developmental differences observed in NT and in vitro fertilization produced fetuses and neonates are the results of aberrant gene expression during the pre-implantation stage, discrepancies in expression are indistinct or appear after the MZT stage of development. Thus, to identify differences in relative abundance of transcripts of developmentally important genes between cloned embryos derived from BCB screened oocytes with ETCs and IVF embryos after MZT stage, the expression patterns of several developmentally important genes were compared at the blastocyst stage between these two groups.
Appropriate expression of pluripotency-related genes such as OCT4, NANOG, and SOX2, which are expressed mainly in the inner cell mass of blastocysts is necessary for successful embryonic development. We found expression of these three pluripotency genes was significantly reduced in cloned blastocysts derived from BCB-oocytes with ETCs/EUTCs than in IVF blastocysts and blastocysts reconstructed by BCB? oocytes with ETCs/EUTCs. However, OCT4, NANOG, and SOX2 expression in cloned blastocysts reconstructed by BCB? oocytes with ETCs were similar to those in IVF blastocysts. This finding contradicts the report of Zhang et al. (2014) , who found OCT4 and SOX2 transcript levels to be higher in IVF than in SCNT bovine embryos. This divergence among experiments may be due to different protocols used to produce and culture embryos, different methods to assess gene expression profile or species-specific variation. Whether the change in expression of important genes is enough to stimulate pluripotent embryonic cells to distinguish into those of trophoblast cell lineage needs to be studied further. Nevertheless, BCB?/ETCs blastocysts may also be superior to BCB-/ETCs blastocysts due to a lower magnitude of aberrance in the expression of these three genes. Expression of DNMT1 and DNMT3A in NT blastocysts suggests that differential DNMT1 and DNMT3A mRNA levels in BCB?/EUTCs and BCB-/ETCs or EUTCs blastocysts have serious implications for pre-implantation development and result in reduced blastocyst formation from these NT embryos. Whether the consistently low efficiency of NT is related to the inability of a somatic nucleus to undergo normal changes in methylation as indicated by increased levels of DNMT1 or to the lack of de novo synthesis by low DNMT3A expression remains unclear in buffalo. Thus, further research needs to be carried out on the global levels of DNA methylation and histone acetylation in NT embryos using IVF embryos as controls before meaningful conclusions can be drawn in this species. At the blastocyst stage, the RA of IGF2 was significantly increased and IGF2R was significantly decreased in NT embryos derived from BCB-oocytes compared with IVF embryos. Our finding is consistent with Han et al. (2003) who reported that IGF2R expression was significantly down-regulated and IGF2 up-regulated in cloned embryos rather than in IVF embryos. Alteration in mRNA expression of IGF2 and IGF2R between NT-and IVF-derived blastocysts may be associated with inappropriate genomic imprinting. However, IGF2 and IGF2R expression was nonsignificant between blastocyst from BCB? oocytes with ETCs and IVF counterpart due to successful reprogramming of imprinted genes of donor nuclei in this cloned embryo similar to IVF embryos. MnSOD is involved in promoting cellular differentiation (St Clair et al. 1994 ), higher expression of MnSOD in NT blastocysts (BCB?/EUTCs, BCB-/ETCs or EUTCs) in our studies could be due to inadequate dedifferentiation of the donor genome in NT embryos. Sadeesh et al. (2016c) reported a significant difference in expression of GLUT1 between NT and in vitro fertilization derived blastocysts. The mouse model suggests that for in vivo embryos GLUT1 decreased 50% in in vitro blastocysts (Morita et al. 1990 ). These reports clearly suggest that viable embryos have higher GLUT1 expression. In our study, relative expression of GLUT1 between two types of embryos at blastocyst stage support the notion that cloned embryos reconstructed with oocyte extract treated donor cells and selection of recipient cytoplasts through BCB staining are identical to IVF embryos regarding the ability to develop to term. Decreased glucose transporter expression triggers BAX-dependent apoptosis in murine blastocysts (Chi et al. 2000) . Hence, it is possible that, in our study, the identical level of GLUT1 expression observed between these two embryos is related to similar levels of apoptotic incidence in both embryos at the blastocyst stage. Along with cell number of blastocysts, apoptosis is a measure for evaluation of blastocyst quality. We found the pro-apoptotic gene BAX was decreased in BCB? blastocysts compared with BCB-blastocysts. BAX is a positive regulator of apoptosis, so the lower expression of BAX may contribute to reduced apoptosis of cells in BCB? blastocysts compared with those in BCB-blastocysts. However, no difference was observed in BAX expression, among NT blastocysts from BCB?/ETCs and IVF counterpart. Furthermore, our results show, lower apoptosis was further indicated by higher expression of BCL2 in BCB? and IVF blastocysts than in BCBblastocysts.
The expression profile of genes as indicators of developmental competence in buffalo NT-derived blastocysts from BCB? oocytes with ETCs was similar to IVF blastocysts which in turn, were higher than in blastocysts from BCB? oocytes with EUTCs and BCB-oocytes with ETCs/EUTCs. Therefore, cloned blastocysts derived from BOE treated cells and BCB selected oocytes may be a useful marker of embryonic developmental potential and an additional criterion in the selection of good quality NT embryos for transfer or freezing. The mechanism(s) through which these embryos are able to develop faster and acquire better quality may be that these embryos possess all the necessary gene products and proteins required for further development, whereas the absence of many of these gene products and proteins in BCBoocytes with ETC/EUTCs embryos could be related to higher developmental arrest or apoptosis. However, the low developmental efficiency of NT embryos may not be large because of lack of nuclear reprogramming during early embryo development but may be potentially caused by abnormal gene reprogramming during post-implantation fetal or placental development (Smith et al. 2005) . Studies addressing these questions with a variety of different molecular and cellular approaches could bring about importantly needed information in the future.
Conclusion
Buffalo oocyte extracts (BOE) have the ability to convert buffalo somatic cells into an undifferentiated state following a brief period of culture. The strategy of epigenetic remodeling by treatment of BOE may prove a useful tool for reprogramming of somatic cell nuclei. We need to exploit the nuclear reprogramming of differentiated cells into an undifferentiated state induced by using oocyte extracts. Further, studies to select extract-treated cells for SCNT are required for optimized exploitation of the reprogramming ability of the extract. The G6PDH activity of buffalo oocytes is correlated with expression of developmentally important transcripts. Selection of developmentally competent oocytes through BCB staining for NT using ETCs may improve the gene expression profile of developmentally important genes in cloned blastocysts comparable to that of IVF-derived blastocysts. This improvement may be due to the combined effects of epigenetic reprogramming of donor nuclei by BOE and higher nuclear reprogramming capacity of BCB? oocytes. Whether this improvement will have longterm effects on buffalo calves born after as a result of embryo transfer remains unknown. However, it is likely that early adaptations of the pre-implantation embryo to its environment persist during fetal and post-natal development.
